The permeability to cephaloridine was studied in five Haemophilus influenzae strains (four non-typable and one type b) using the Zimmermann and Rosselet method. The /?-lactamase activity was due to a plasmid-encoded TEM-1 enzyme. High permeability coefficients were measured in all strains examined. No great differences in permeability coefficients were found, even between strains with marked differences in OMP electrophoretic profiles.
Introduction
Non-typable Haemophilus influenzae, whose capsular polysaccharide is absent or does not react with specific a-f serotype antisera, are considered as pathogens in non-invasive diseases, as they may cause infections in areas of the respiratory tract that are usually sterile, e.g. middle ear, bronchi and respiratory sinuses.
Antibiotic resistance in H. influenzae is a cause of increasing concern. In Spain multiresistant strains are frequent, accounting for more than 45% of isolates (Campos, Garcia-Tornel & Sanfeliu, 1984) . Both capsulated and unencapsulated strains frequently exhibit multiple resistance, although minimal inhibitory concentrations of many antibiotics for Haemophilus are often relatively low. Unencapsulated strains have been considered as phenotypic variants of encapsulated strains (Smith, 1981) . Musser el al. (1986) published an extensive study of the genetic diversity of capsulated and non-typable strains, demonstrating that unencapsulated clinical strains isolated in several states of the USA are not merely phenotypic variants of an encapsulated ancestor. Moreover, the genetic diversity appeared to be greater in unencapsulated strains than in encapsulated ones. These authors proposed three hypotheses to describe the intraspecific relationship between capsulated and unencapsulated organisms.
Little is known about the role of the outer membrane (OM) in antibiotic resistance in H. influenzae. In view of the high diversity in the outer membrane protein (OMP) L. Sinchez et al. profiles in non-typable strains, we attempted to study the permeabilities of strains with different OM profiles in order to investigate possible differences between their OM permeabilities.
Materials and methods
The bacterial strains used in this study were isolated in the Paediatric Hospital "Sant Joan de Deu" in Barcelona.
Membrane proteins were studied by sodium-dodecyl-sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) and stained with Coomassie brilliant blue. LPS was isolated by the Hitchcock and Brown procedure (Hitchcock & Brown, 1983 ) and studied by SDS-PAGE. Gel staining was undertaken using the methods of Tsai & Frasch (1982) .
Susceptibility to the various antibiotics used in this study was determined both by disc susceptibility testing and by determination of minimum inhibitory concentrations.
Diffusion rates of /Mactams through the OM of intact cells were determined following the method of Zimmermann & Rosselet (1977) as modified by Nikaido, Rosemberg & Foulds (1983) . Briefly, strains were grown in 50 mL of Brain Heart Infusion (BHI) broth supplemented with 10 /ig/mL haemin, 1 /ig/mL /?-NAD and MgSO* (5 mM) at 37°C with shaking. Once they achieved exponential growth, bacteria were harvested by centrifugation at 20°C and washed twice in phosphate buffer (10 mM sodium phosphate, 5 mM MgCl 2 at pH 7). Bacteria were finally suspended in 0.5 mL of the same buffer. The suspension was mixed with different concentrations of the antibiotic and then transferred to a cuvette with a 1 mm light path. /?-Lactam hydrolysis was estimated by measuring the decrease of absorbance at 260 nm in an UVIKON spectrophotometer (Kontron). Experiments were carried out at 37°C.
Enzyme kinetics determination
Cultures were prepared as described above. Cells were lysed by ultrasonic treatment using a Branson sonicator for three periods of 1 min in an ice bath. The Michaelis-Menten constants (K m ) were obtained from a Linneweaver-Burk plot drawn with the results of independent experiments with five different antibiotic concentrations (0.1, 0.2, 0.4, 0.8 and 1.6 mM). In order to refer results to protein concentration instead of dry weight, we modified the V o equation proposed by Nikaido et al. (1983) . Finally, Vmax values were obtained from the Michaelis-Menten equation.
Calculation of permeability coefficients
The permeability coefficients (P) were calculated from Fick's law (Nikaido et al. 1983) . The cell surface area, calculated from electron microscopy data, was approximately 1.5125 /r/cell. Transforming this value to cmV/ig of protein, we obtained an area of 0.28 cm 2 //ig of protein. Final values of P coefficients were calculated taking into account the values of extracellular of enzymatic activity (enzyme leakage).
Calculation of T, 2
In H. influenzae, the VIA ratio was of 0.10057 /im. From this value and the P values, we calculated T ]2 as (\/P)*\n2*(V/A). 
Results and discussion
The strong differences detected in the OMP profiles suggested differences in permeability to antibiotics in the non-typable H. influenzae strains. We selected four untypable strains showing remarkable differences in their OMP profiles plus one type b strain. All strains tested showed /7-lactamase activity, whose enzymatic parameters are indicated in Table I . This /Mactamase activity corresponds to a plasmid encoded TEM-1 /?-lactamase. Although the affinity of the H. influenzae /Mactamase for the substrate (cephaloridine) is relatively low, especially when compared with the affinities detected in Gram-negative bacteria, the enzymatic activity was high enough to allow the experiments of Zimmermann and Rosselet without adding an inducer. This represents an advantage, since the addition of inducers produces membrane alterations that can mask the actual value of permeability coefficients, because of leakage of enzyme out of bacteria. Table I also shows the P and the T [/2 values. P coefficients can be regarded as high values, particularly when compared with those obtained in Escherichia coli (Nikaido & Gehring, 1988) , Serratia marcescens (M. Puig, unpublished observation), or Pseudomonas aeruginosa (Lei et al., 1991) . These high P coefficient values suggest that entry of antibiotics into the periplasmic space is not strongly affected by the permeability of the OM. The P values obtained for each OMP profile did not differ greatly indicating that diversity in the electrophoretic pattern of the major OMPs did not strongly influence the permeability of the outer membrane. Thus high permeability values seemed to be characteristic of the species. An alternative approach to permeability studies is the Target Access Index (TAI) determination (Nikaido & Gehring, 1988) . This value reflects the probability of /?-lactam molecules reaching the target (penicillin binding proteins). Table II (Table II) .
The TAI values are determined by two factors, outer membrane permeability (AI^) and the enzymatic activity in the periplasmic space (AI^). Table II shows that the values of AI^ and Al^ are highly diverse depending on the strain; thus in some cases, enzyme activity is more important than permeability in H. inftuenzae resistance to /Mactams, although OM permeability seems important in intrinsic resistance of other organisms. Some authors have pointed out that low OM permeability cannot entirely explain intrinsic resistance. In P. aeruginosa, Li et al. (1994) demonstrated that antibiotic molecules are expelled from the cell by an efflux pump. Further work will be necessary to assess the possible role of efflux pumps in the antibiotic resistance of H. influenzae.
